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SUMMARY 

Immunotoxic  effects  of  -fehiree  agents  were  tested  in  the  animal  model 
for  the  screening.  These  agents  were:  WR  99,210,  WR  122,455,  and  WR- 
228,258. 

WR  99,210  caused  a  significant  enhancement  in  the  phagocytic  function 
(a  value),  and  severe  depression  in  the  antibody  PFC  response  when  given 
before  antigen,  and  reduction  in  the  liver  and  spleen  sizes.  WR  122,455 
and  WR  228,258  had  similar  effects,  although  with  somewhat  less  severity. 
Thus,  the  reduction  in  the  PFC  responses  and  reduction  in  splenic  and 
hepatic  sizes  was  less  pronounced.  WR  122,455  was  relatively  more  effective 
in  stimulating  the  phagocytic  function  whereas  WR  228,258  caused  no  signi¬ 
ficant  alteration  in  the  phagocytic  function.  None  of  the  agents  seemed  to 
alter  significantly  the  delayed  hypersensitivity  reaction. 

In  addition,  T  and  B  lymphocyte  contents  in  the  peripheral  blood  of 
human  volunteers  treated  with  WR  171,669  (single  dose  of  750  to  2000  mg) 
were  enumerated.  These  studies  evaluated  24  individuals  before  and  2  days 
after  the  treatment:  half  of  these  volunteers  received  various  doses  of 
the  drug  and  the  other  half  received  a  placebo.  No  significant  differences 
were  noticed  in  the  proportions  of  T  and  B  cells  in  the  peripheral  blood 
of  these  volunteers  when  placebo  and  drug-treated  groups  on  Day  0  and  Day  2 
(pre-  and  post-treatment)  samples  were  compared. 
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METHODOLOGY 

Mice.  Male  Balb/C  mice  weighing  20-25  grams  were  used  in  all  experi¬ 
ments.  Animal  experiments  were  conducted  according  to  the  "Guide  for  the 
Care  and  Use  of  Laboratory  Animals"  (1972)  prepared  by  the  Committee  on  Re¬ 
vision  of  the  Guide  for  Laboratory  Animal  facilities  and  Care,  Institute 
of  Laboratory  Animal  Resources,  National  Research  Council  (DHEW  Publication 
No.  (NIH)-73-23). 

Antigen  and  Immunization.  Sheep  erythrocytes  (SRBC)  suspended  in 

normal  saline  were  used  for  immunization.  Mice  received  0.2  ml  of  2.5% 

0 

(lx  10  )  SRBC  by  the  i.p.  route  for  studies  involving  humoral  response, 
whereas  0.1  ml  of  0.25%  suspension  was  injected  s.c.  on  the  dorsal  side  of 
the  neck  for  immunization  for  the  delayed  hypersensitivity  (DH)  reaction. 
The  challenge  for  elicitation  of  the  OH  reaction  was  given  as  0.02  ml  of 
25%  suspension  i.d.  in  the  right  ear. 

Assays 

Humoral  response.  Humoral  responses  against  SRBC  were  measured 
5  days  after  immunization  by  assaying  spleens  for  the  hemolytj.c  plaque- 
forming  cell  (PFC)  contents;  see  Appendix  for  details  (1,2). 

DH  reactions.  A  radioisotopic  method,  described  in  detail  in 
the  Appendix,  was  used  to  assess  the  DH  response  to  SRBC  (3). 

Phagocytic  function.  Phagocytic  function  in  mice  was  measured 
by  the  clearance  rate  of  "^Cr-SRBC,  as  detailed  in  the  Appendix  (4). 

Solvents  and  Dosaaes.  WR  99,210  (BJ91326),  WR  122,455  (AX76053),  or 
WR  228,258  AG.2HC1  (BJ23346. AP-X-56)  were  administered  i.p.  as  a  suspension 
in  0.2%  methylcellulose  and  0.4%  Tween-80  in  saline.  The  drugs  were  first 
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dissolved  in  methylcellulose-Tween-80  mixture  and  then  diluted  to  the 
exact  concentration  with  saline.  The  desired  dose,  as  recommended  by  the 
Walter  Reed  Army  Institute  for  Research  and  summarized  in  Table  1,  was 
injected  in  0.4  ml  volume.  Control  mice  received  0.4  ml  solvent  (methyl- 
cellulose-Tween-80  in  saline).  Drugs  were  injected  one  day  before  or  one 
day  after  the  antigen  for  the  antibody  PFC  or  DH  test,  and  two  days  before 
the  phagocytic  assay. 

T  and  B  cell  enumeration  in  humans.  The  T  and  B  cell  enumeration  was 
performed  on  blood  samples  of  human  volunteers  treated  with  various  doses 
(ranging  from  750  to  2000  mg)  of  WR  171,669  nr  placebo  by  the  oral  route. 

The  samples  were  collected  on  day  0  (pretreatment)  and  day  2  (post-treatment). 
The  collection  of  samples  was  arranged  by  the  Walter  Reed  Army  Institute  of 
Research.  The  lymphocytes  were  separated  on  Ficoll  and  cryopreserved  at 
Walter  Reed  by  a  method  recommended  by  the  Principal  Investigator  (5;  see  Ap¬ 
pendix).  T  cells  were  enumerated  by  using  the  E-rosette  procedure  (6)  and 
B  cells  were  assayed  by  fluorescent  staining  for  surface  immunoglobulins 
(7;  see  Appendix).  Prior  to  each  assay,  the  viability  of  cells  was  deter¬ 
mined  by  the  dye  exclusion  test. 
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Studies  in  the  Murine  Model 


It  is  apparent  from  Tables  2-4  that  all  three  agents  (i.e.,  WR  99,210, 
WR  122,455  and  WR  228,258)  suppressed  antibody  PFC  responses  when  injected 
one  day  before  the  antigen  (SRBC).  This  suppression  was  dose-dependent:  at 
the  higher  dose  of  each  drug,  the  suppression  was  generally  more  marked.  The 
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only  exception  was  the  group  of  mice  treated  with  the  higher  dose  of  WR- 
228,258.  Among  the  three  drugs  tested,  WR  99,210  appears  most  suppressive. 
It  will  also  be  noticed  that  suppression  was  generally  more  marked  at  the 
PFC/spleen  level  than  at  the  PFC/10^  level.  This  is  due  to  markedly  signi¬ 
ficant  reduction  in  the  nucleated  cell  content  of  spleens  in  drug-treated 
groups,  particularly  those  injected  with  the  higher  doses.  Pretreatment 
with  the  lower  dose  of  WR  122,455  did  not  cause  a  significant  suppression, 
although  there  was  a  trend  of  reduction  in  the  immune  response. 

Treatment  with  drugs  one  day  after  the  antigen  rarely  caused  a  signi¬ 
ficant  suppression.  Surprisingly,  whenever  there  was  suppression  it  was 
more  obvious  in  animals  given  the  lower  dose  of  the  drug  than  in  those  re¬ 
ceiving  the  higher  dose.  WR  228,258,  in  most  instances,  caused  no  signifi¬ 
cant  change  in  the  response.  In  one  instance,  it  actually  caused  a  sta¬ 
tistically  significant  augmentation  of  the  response  (IgM  per  10^  in  animals 
receiving  800  mg/kg  of  the  agent).  Once  again,  the  reduction  in  the  cellu- 
larity  of  spleens  in  drug-treated  mice  was  apparent. 

The  phagocytic  function,  as  measured  by  the  clearance  rate  of  particu¬ 
late  material  in  mice  treated  with  WR  99,210,  was  either  not  altered  signi¬ 
ficantly  (as  reflected  by  the  K  values)  or  was  slightly  enhanced  (as  re¬ 
flected  by  the  a  values).  The  enhancement  was  significant  (p  <  0.02)  only 
in  mice  receiving  the  higher  dose  of  the  drug  (Table  5).  WR  122,455  consis¬ 
tently  augmented  the  phagocytic  function  as  reflected  by  both  the  K  value 
and  the  value  (Table  6).  This  elevation  of  K  values  was  significant  in 
groups  treated  with  the  high  as  well  as  the  low  dose  of  the  drug.  However, 
the  elevation  of  ct  value  was  statistically  significant  (p  <  0.005)  only  in 


mice  receiving  the  lower  dose  of  the  drug  (Table  6).  Treatment  with  WR- 
228,258  was  without  significant  effect  on  the  phagocytic  function  in  all 
instances  (Table  7). 

WR  99,210  caused  an  increase  in  the  splenic  and  hepatic  uptake  of 
radiolabeled  SRBC,  whereas  WR  122,455  caused  an  increase  only  in  the  hepa¬ 
tic  uptake  of  the  material  (Tables  8  and  9).  These  increases  are  consis¬ 
tent  with  the  increased  clearance  of  the  material  from  the  circulation  of 
these  mice  and  reflect  the  status  of  the  reticuloendothelial  function  (4). 

In  mice  treated  with  WR  228,258  there  was  an  increase  in  the  liver  uptake  but 
a  decrease  in  the  splenic  uptake  (Table  10). 

The  spleen  weight  of  animals  in  none  of  the  drug-treated  groups  was 
reduced  despite  the  consistent  reduction  in  their  cellularity.  In  fact,  in 
mice  treated  with  the  lower  dose  of  WR  228,258  it  was  significantly  in¬ 
creased.  The  cause  of  this  increase  remains  unknown.  The  liver  weights 
were  significantly  reduced  by  doses  of  WR  99,210  but  remained  unaffected 
by  the  other  two  agents  (Tables  8-10) 

None  of  the  three  agents  tested  significantly  altered  the  delayed 
cutaneous  reactions  (Tables  11-13). 

Studies  in  Humans 

Three  groups  of  individuals  were  tested.  Samples  of  blood  from  indi¬ 
viduals  assigned  Alt-1  and  Alt-2  were  drawn  on  April  7  and  14,  July  7,  14 
and  21  (only  Alt-1  samples  on  this  date),  and  August  4,  1980.  Blood  from 
24  volunteers  assigned  numbers  404-427  were  also  drawn  on  the  same  dates 
as  the  pretreatment  (day  0)  sample.  The  individuals  were  treated  on  day  0 
and  bled  again  2  days  later,  i.e.,  on  April  9  and  16,  July  9,  16  and  23, 
and  August  6,  1980.  All  tests  were  performed  between  March  and  June,  1982. 
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It  is  apparent  from  data  in  Table  14  that  treatment  with  placebo  or 
the  drug  (WR  171,669),  regardless  of  the  dose,  did  not  dramatically  alter 
the  viability  of  cells  or  proportions  of  T  and  B  lymphocytes.  Although  it 
is  not  possible  to  apply  a  statistical  test  to  the  data  due  to  small  num¬ 
bers  in  each  group,  there  was  a  lack  of  trend  when  individuals  receiving 
different  doses  of  the  drug  were  compared. 


CONCLUSIONS 

The  results  of  studies  in  the  animal  model  can  be  summarized  as  fol¬ 
lows.  The  reticuloendothelial  function  is  either  augmented  or  unaltered. 

The  antibody  PFC  responses  are  consistently  depressed  by  all  three  agents 
when  injected  before  antigen  but  are  mostly  unaltered  when  injected  after 
the  antigen.  An  overall  summation  has  been  presented  in  Table  15. 

These  agents  provide  an  interesting  contrast  from  the  conventional 
cytotoxic  immunosuppressants  which  have  been  categorized  in  two  classes 
based  on  their  temporal  dependence  of  immunosuppressive  effects:  Class  I 
and  Class  II.  Class  I  agents  are  suppressive  when  injected  before  or  after 
the  antigen,  whereas  Class  II  agents  are  suppressive  only  when  injected  af¬ 
ter  antigen  (8).  It  appears  that  the  three  agents  studied  here  can  be  clas¬ 
sified  as  neither.  There  are  a  number  of  agents,  however,  which  are  immuno¬ 
suppressive  when  injected  before  antigen.  These  include  anti-lymphocyte 
serum  (9),  busulphan  (8),  interferon  (10),  Cory nebacteri urn  parvum  (11),  and 
certain  other  biological  products  (12). 

The  mechanism  of  action  of  the  agents  tested  in  this  study  is  not  en¬ 
tirely  clear.  All  of  these  agents  cause  lymphocytopenia  with  unaltered  or 
slightly  augmented  phagocytic  function.  The  lymphocytopenia  may  contribute 


to  the  immunosuppression.  If  this  were  the  sole  mechanism  of  immunosup¬ 
pression,  the  relative  refractiveness  of  the  immune  system  to  suppressive 
effects  of  these  agents  given  after  antigen  is  intriguing  and  compares  vi/ith 
the  action  of  a  known  immunosuppressive  agent,  busulphan.  It  is  likely 
that  antigen-activated  lymphocytes  become  resistant  to  the  action  of  the 
drug.  Alternatively,  a  defect  in  the  antigen  processing/presentation 
or  antigen  recognition  may  contribute  to  the  immunosuppressive  effects 
of  these  agents.  Without  further  studies,  the  mechanisms  of  immunosuppres¬ 
sive  action  of  these  agents  could  not  be  ascertained. 

The  assay  of  T  and  B  lymphocytes  in  the  peripheral  blood  of  volun¬ 
teers  treated  with  WR  171,669  revealed  that  this  agent  did  not  alter  signi¬ 
ficantly  the  viability  or  T  cell  or  B  cell  proportions  in  the  peripheral 
blood  lymphocytes  of  human  volunteers  when  tested  2  days  after  treatment. 
These  results  are  in  concordance  with  our  studies  on  the  effect  of  this 
agent  on  the  functional  aspects  of  the  immune  system  in  the  murine  model 
(13).  Although  the  number  of  T  and  B  lymphocytes  remains  normal  in  indivi¬ 
duals  receiving  WR  171,669,  it  may  not  reflect  a  functional  intactness 
of  the  cells  which  can  be  determined  only  by  performing  functional  assays. 
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Table  1.  Doses  of  drugs  administered 


Drug  High  Dose  (mg/kg)  Low  Dose  (mg/kg) 


WR 

99,210 

64 

12  . 

.8 

WR 

122,455 

80 

16. 

,  0 

WR 

228,258 

800 

160. 

.  0 

3 

All  drugs  were  administered  in  0.4  ml  solvent. 
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Table  3.  Effect  of  VJR  99,210  on  phagocytic  function  of  mice*1 


T  reatment 

Phagocytic 
100  x  K  value 

Index*3 

a  value 

Solvent 

6.149  ±  0.314 
(9) 

6.098  ±  0.125 
(9) 

12.8  mg /kg 

5.833  ±  0.299 
(8) 

6.692  ±  0.269 
(8) 

64.0  mg /kg 

5.287  ±  0.436 
(7) 

6.977  ±  0 . 2 98C 
(7) 

g 

The  drug  was  injected  2  days  before  test  for  phagocytic 
function . 

^Arithmetic  mean  ±  1  s.e.  Numbers  in  parentheses  are  number 
of  mice  in  each  group. 

Cp  <  0.02  but  >  0.01. 


Table  6.  Effect  of  VJR  122,455  on  phagocytic  function  of  mice 


T  reatment 


100  x  K  value 


Phagocytic  Index 


a  value 


Solvent 

6.149  +  0.314 
(9) 

6.098  ±  0.125 
(9) 

16.0  mg /kg 

7.428  ±  0.445C 
(10) 

6.926  ±  0.202 
(10) 

8  0.0  mg /’kg 

8.032  ±  0 . 8 2 1 C 

(o') 

6.589  ±  0.211 
( 

The  drug  vi/as  injected  2  days  before  test  for  phagocytic 
f  unction . 

Arithmetic  mean  ±  1  s.e.  Numbers  in  parentheses  are  number 
of  mice  in  each  group. 

p  <  0.05  but  >  0.025. 

p  <  0.005  but  >  0.001. 
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Table  7.  Effect  of  WR  228,258  on  phagocytic  function  of  mice3 


Phagocytic 

1 n  de 

T  reatment 

100  x  K  value 

a  value 

Solvent 

6.149  ±  0.310 
(9) 

6.098  ±  0.125 
(9) 

160  mg/kg 

6.497  ±  0.395 

do) 

6.356  ±  0.180 
(10) 

800  mg/kg 

6.007  ±  0.777 
(7) 

6.031  ±  0.293 
(7) 

3 

The  drug  was  injected  2  days  before  test  for  phagocytic 
f  unction . 


Arithmetic  mean  ±  1  s.e.  Numbers  in  parentheses  are  number 
of  mice  in  each  group. 
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Table  11.  Effect  of  V)R  99,210  on  anti-SRBC  DH  reaction  in  mice3 


Drug 

T  reatment 

DH  Reaction  . 

Time 

Dose 

Relative  Ear 

Reaction 

P  re- 

Solvent 

1.362  ± 

0.103 

Ag 

12.8  mg/kg 

1.439  ± 

0. 09  0 

64.0  mg /kg 

1.238  ± 

0. 083 

Post- 

Ag 

Solvent 

1.488  ± 

0.084 

12.8  mg/kg 

1.235  ± 

0.101 

64.0  mg/kg 

1.271  ± 

0.  064 

aThe  drug  was  injected  i.p.  1  day  before  or  1  day  after  s.c.  im¬ 
munization  with  5  x  106  SRBC .  Mice  were  challenged  intradermal- 
ly  6  days  later  with  1  x  10®  SRBC  in  the  right  ear  and  assayed 
the  following  day. 

L 

Arithmetic  mean  of  ratios  for  groups  of  10-11  mice  ±  1  s.e.  cal¬ 
culated  as  follows:  cpm  in  challenged  ear 

cpm  in  control  ear 


Table  12.  Effect  of  W ft  122,455  on  anti-SRBC  DH  reaction  in  mice 


Drug 

Time 

T  reatment 

Dose 

DH  Reaction  ^ 

Relative  Ear  Reaction 

Pre- 

Solvent 

1.362 

+ 

0.103 

Ag 

16  mg/kg 

1.347 

± 

0.134 

80  mg/kg 

1.438 

± 

0.090 

Post- 

Solvent 

1.488 

± 

0. 084 

Ag 

16  mg/kg 

1.774 

± 

0.167 

80  mg/kg 

1.612 

± 

0.146 

q 

The  drug  vias  injected  i.p.  1  day  before  or  1  day  after  s.c.  im¬ 
munization  with  5  x  10^  SRBC.  Mice  were  challenged  intradermal 
ly  6  days  later  with  1  x  10®  SRBC  in  the  right  ear  and  assayed 
the  following  day. 

^Arithmetic  mean  of  ratios  for  groups  of  10-11  mice  ±  1  s.e.  cal 
culated  as  follows:  com  in  challenged  ear 

cpm  in  control  ear 


Table  13.  Effect  of  WR  228,258  on  anti-SRBC  DH  reaction  in  mice 


Drug  Treatment 

DH 

R  e  a  c  t  i  on 

Time  Dose 

Relat ive 

Ear  Reaction 

Post- 

Ag 


Solvent 
160  mg/kg 
800  mg/kg 


1.488  ±  0.084 
1.470  ±  0.095 
1.602  ±  0.132 


The  drug  was  injected  i.p.  1  day  before  or  1  day  after  s.c.  im¬ 
munization  with  5  x  10^  SRBC.  Mice  were  challenged  intradermal 
ly  6  days  later  with  1  x  10®  SRBC  in  the  right  ear  and  assayed 
the  following  day. 

Arithmetic  mean  of  ratios  for  groups  of  10-11  mice  ±  1  s.e.  cal 
culated  as  follows:  cpm  in  challenged  ear 

cpm  in  control  ear 
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Single  oral  dose.  Did  not  receive  any  drug  or  placebo.  Only  day  0  sample  u as  drawn 
■NT,  not  tested;  the  sample  did  not  yield  adequate  numbers  of  viable  cells. 


APPENDIX 


1  2 

Plaque-forming  cell  (PEC)  assay.  ’  Five  days  following  i.p.  im¬ 
munization  of  mice  with  sheep  red  blood  cells  (SRBC),  spleens  were  ex¬ 
cised  and  gently  disrupted  by  means  of  a  glass/Teflon  tissue  homogenizer 
in  Hank's  balanced  salt  solution  containing  0.1?o  bovine  serum  albumin 
(BSA-HBSS).  The  cells  were  washed  once  and  resuspended  in  4  ml  of  the 
same  medium.  The  tubes  were  allowed  to  stand  for  60  sec  to  permit  clumps 
and  tissue  debris  to  settle.  A  1  ml  aliquot  of  singly-dispersed  cells 
was  removed  from  the  top  of  the  suspension  and  transferred  to  another  tube. 
The  number  of  nucleated  cells  per  ml  of  this  suspension  was  enumerated  and 
adjusted  to  a  concentration  of  2-3  x  10^  nucleated  cells  per  ml.  One 
volume  (0.1  ml)  of  this  suspension  was  mixed  with  one  volume  of  10?o  SRBC 
suspension,  one  volume  of  medium  and  one  volume  of  1:2  dilution  of  comple¬ 
ment.  Aliquots  (0.1  ml)  of  the  mixture  were  placed  in  chambers  prepared 
by  assembling  two  3"  x  1"  microscopic  slides  by  means  of  3  mm  wide  double- 
faced  adhesive  tape.  The  chambers  were  sealed  along  the  edges  with  molten 
wax  and  incubated  at  37°C  in  a  humidified  incubator  for  40  min,  after  which 
the  number  of  plaques  was  enumerated.  This  technique  allowed  the  assay  of 
the  IgM  PFC  contents  of  the  splenic  suspension.  For  the  detection  of  IgG 
PFC,  the  splenic  cell  suspension  was  mixed  with  equal  volumes  of  10?o  SRBC, 
rabbit  anti-mouse  IgG  serum  at  an  optimal  dilution  (previously  determined) 
and  complement.  The  mixture  was  placed  in  chambers  and  incubated  as  above. 
Plaques  observed  in  these  chambers  were  a  mixture  of  IgM  and  IgG,  and  the 
latter  were  derived  by  the  deduction  of  the  IgM  PFC  calculated  from  plaques 

1.  Cunningham  and  Szenberg.  Immunology  14:599,  1968. 

2.  Dresser  and  Wortis.  In  Handbook  of  Experimental  Immunology  (D.  M.  Weir, 
ed.),  p.  1054.  Blackwell  Scientific  Publications,  Oxford,  1967. 
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observed  in  chambers  containing  no  antiserum  against  mouse  IgG.  From 
the  number  of  plaques  per  chamber  was  calculated  the  number  of  PFC  per  10^ 
nucleated  splenocytes  and  also  PFC  per  spleen. 

Delayed  hypersensitivity  (DH)  reaction.^  Mice  were  injected  s.c. 
with  5  x  10^  SRBC  in  0.1  ml  volume  on  the  dorsal  side  of  the  neck.  Six 

g 

days  later  they  v/ere  challenged  with  1  x  10  SRBC  in  20  Pi  volume  i.d.  in 

125 

the  pinnea  of  the  ear;  24  hr  later  2  pCi  of  IlfdR  in  0.2  ml  volume  was 
injected  i.v.  via  the  tail  vein.  Both  ears  were  excised  18  hr  later  at  the 
base  of  the  pinnea  and  radioactivity  incorporated  in  each  ear  was  measured 
in  a  gamma  spectrometer.  The  ratio  of  radioactivity  incorporated  in  injec¬ 
ted  and  nan-injected  ears  was  calculated  and  was  taken  as  an  index  of  the 
DH  reaction.  This  method  has  been  reported  as  a  reliable  procedure  for 
assaying  the  DH  reaction  to  a  number  of  agents  and  we  have  confirmed  the 
validity  of  the  technique  in  our  own  laboratory. 

Phagocytic  function  of  the  reticuloendothelial  system  (RES). ^  SRBC 
were  washed  three  times  in  saline  and  to  1  ml  of  packed  SRBC  war  added  1P0 
pCi  of  ^Cr  (but  always  less  than  5  Pg  Na^CrO^).  The  cells  were  mixed  and 
incubated  for  30  min  at  room  temperature  and  then  washed  three  times  in 
saline.  Washed  cells  were  suspended  at  a  final  concentration  of  10?o  (v/v) 
in  saline  and  0.2  ml  of  this  suspension  (4  x  10  SRBC)  was  injected  i.v. 
via  the  tail  vein  and  20  Pi  of  blood  was  collected  immediately  (zero  time 
sample)  from  the  retro-orbital  sinus  using  a  heparinized  capillary  (hemato- 

3.  Vadas  et  al.  Int.  Arch.  Allergy  Appl.  Immunol.  49:670,  1975. 

4.  Sljivic  and  Warr.  In  Manual  of  Macrophage  Methodology  (H.  B.  Hers- 
cowitz  et  al. .  eds.),  p.  447.  Marcel  Dekker,  New  York,  1981. 
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crit)  tube*  The  same  volumes  of  samples  were  collected  similarly  at  2,  5, 
10  and  15  min  intervals  from  the  time  of  original  bleeding.  All  samples 
were  placed  in  test  tubes  and  the  radioactivity  was  counted  in  a  gamma 
scintillation  spectrometer.  The  radioactivity  in  the  sample  represented 
the  relative  concentration  of  SRBC  in  circulation  at  a  particular  time. 

The  cpm  were  converted  to  log  and  plotted  against  time,  and  the  slope 
of  the  best-fitting  straight  line  for  the  plot  was  calculated;  it  repre¬ 
sented  the  phagocytic  index  K.  Since  the  concentration  of  particles  in 
circulation,  and  hence  the  K  value,  is  dependent  on  the  total  body  weight 
of  the  mouse,  its  liver  and  spleen  weights,  a  corrected  phagocytic  index 
ct  was  calculated  as  follows: 


a  s 


w 

1  +  s 


>TT 


where  w  is  whole  body  weight,  1  is  liver  weight  and  s  is  spleen  weight. 

Localization  of  particulate  material  in  liver  and  spleen.  Spleen 
and  liver  were  removed  intact  and  weighed.  The  radioactivity  associated 
with  each  organ  (proportionate  with  their  SRBC  content)  was  measured  in  a 
gamma  counter  and  the  radioactivity  was  calculated  per  gram  of  the  organ 
weight. 


Presentation  of  data.  Numbers  of  spleen  cells  have  been  presented 
as  geometric  means.  PFC  per  10^  splenocytes  and  per  spleen  have  been  re¬ 
corded  as  log^g  mean  together  with  one  standard  error.  Anti-log  of  log^g 
mean  are  recorded  in  parentheses.  DH  reaction  has  been  reported  as  the 
mean  of  relative  ear  reaction  together  with  the  standard  error  of  the  mean. 
The  relative  ear  reaction  was  calculated  as  follows: 


IUdR  incoroorat i on  (com)  in  challenned  ear 
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IUdR  incorporation  (cpm)  in  control  ear 
Data  on  phagocytic  function  have  been  expressed  as  the  mean  of  K  or 
ot  values  u/ithin  limits  of  one  standard  error.  The  uptake  of  SRBC  in  spleen 
and  liver  is  expressed  as  the  mean  of  cpm  per  gram  of  tissue  within  one 
standard  error  of  the  mean. 

Statistical  significance  of  the  data  was  evaluated  by  the  standard 
two-tailed  Student's  t-test  with  correction  for  small  groups  and  expressed 
as  p  values.  P  values  greater  than  0.05  were  considered  not  significant. 


Preparation  of  human  lymohocytes  (method  recommended  tc  Walter  Reed 
Army  Institute  of  Research): 

1.  Collect  20  ml  heparinized  blood.  Spin  at  18  x  g  (300  rpm)  in  a 
bench  centrifuge  for  15  min.  Remove  platelet-rich  (top  3/4  volume) 
plasma  and  discard,  leaving  about  1/4  of  the  supernatant  in  the  tube. 

2.  Spin  remainder  at  600  x  g  for  5  min. 

3.  Discard  all  but  1  ml  of  plasma.  Harvest  this  volume  of  plasma,  the 
buffy  coat  and  1  ml  of  red  cells.  Mix  the  harvested  cells  and  layer 
on  top  of  lymphocyte  separation  medium  (LSM;  Litton  Bionetics).  A 

2  ml  blood  sample  can  be  layered  on  3  ml  LSM. 

4.  Centrifuge  at  400  x  g  for  20  min.  The  resultant  tube  should  look  like 
this: 


10  ml 

*  plasma 

;  —  * - -lymphocytes  +  some  platelets 

-~RBC  +  granulocytes 

Pipet  plasma  off  down  to  1/16  inch  from  the  lymphocyte  band  and  discard 

Collect  all  the  contents  of  the  lymphocyte  band.  Dilute  with  medium 
(2  ml  of  LSM-lymphocytes  +  8  ml  medium).  Spin  at  600  x  g  for  5  min. 
Decant  the  supernatant.  Resuspend  cells  in  RPMI-1640  complete  medium 
(containing  20%  fetal  calf  serum,  100  U/ml  penicillin,  100  Ug/ml 
streptomycin  and  2  mM  L-glutamine). 


7.  Wash  the  cells  3X  in  1  ml  complete  medium,  resuspend,  count  the  cell 
concentration  and  adjust  at  12-15  x  10^  cells/ml. 

Cryopreservation  of  human  lymphocytes  (method  recommended  to  Walter 
Reed  Army  Institute  of  Research): 

1.  Divide  the  lymphocyte  suspension  into  two  aliquots  in  labeled  screw- 
top  polypropylene  2  ml  tubes  and  chill  to  4°C. 

2.  Cool  the  freezing  chamber  to  4°C. 

3.  Add  an  equal  amount  of  cryopectant  (20  ml  DMSO  +  80  ml  complete 
medium)  to  the  cell  suspension. 

4.  Place  samples  in  the  cryopreservation  chember  and  start  cooling  at 
1°  per  min  to  -40°C,  then  rapidly  cool  to  -100°C. 

5.  Samples  must  be  stored  in  liquid  nitrogen  and  transported  on  dry  ice. 

Determination  of  the  viability  of  cells  in  human  samples.  Samples  pre¬ 
pared,  frozen  and  shipped  by  the  Walter  Reed  Army  Institute  for  Research  were 
removed  from  the  liquid  nitrogen  and  thawed  in  a  37°C  water  bath  on  the  day 
of  test.  As  soon  as  the  specimen  was  thawed,  it  was  diluted  10:1  with  RPMI- 
1640  medium  containing  20%  fetal  calf  serum.  The  dilution  was  conducted  at 
room  temperature  by  adding  the  medium  drop-by-drop  and  with  continuous  gentle 
mixing  (swirling)  of  the  sarrple.  The  cells  were  washed  and  resuspended  in 
1  ml  medium.  A  small  aliquot  was  mixed  with  an  equal  volume  of  0.1%  trypan 
blue  and  the  viable  cells  were  counted  on  the  basis  of  the  dye  exclusion. 

Enumeration  of  human  T  lymphocytes.  Sheep  erythrocytes  (SRBC)  obtained 
from  Flow  Laboratories  as  heparinized  blood  were  washed  and  suspended  in  RPHI- 
1(A0  medium  at  a  concentration  of  1%.  Neuraminidase  (Sigma)  was  diluted  to 
1  U/ml  and  0.4  ml  of  this  solution  was  added  to  and  mixed  with  10  ml  of  1%  SRBC 
and  incubated  at  35°C  for  35  min.  The  neuraminidase -treated  SRBC  were  washed 
3  times  and  resuspended  in  the  medium  at  a  concentration  of  0.5%.  Lymphocytes 
were  adjusted  to  a  concentration  of  5  x  10^  cells/ml  and  mixed  with  an  equal 
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volume  (0.1  ml)  of  the  neuraminidase-treated  SRBC  suspension.  The  mixture  was 
incubated  at  37°C  for  5  min,  centrifuged  at  400  g  for  5  min,  and  the  tubes  were 
placed  in  an  ice  bath  for  43  min.  The  pellet  was  gently  resuspended  and  rosettes 
were  counted  in  a  sample  of  at  least  200  cells.  Lymphocytes  with  3  or  more  bound 
SRBC  were  considered  a  rosette* 

Enumeration  of  human  B  lymphocytes.  Lymphocytes  were  suspended  at  5  x  10^ 
cells/ml  in  Hepes-buffered  RPMI-1640  medium  containing  0.02?o  sodium  azide.  One- 
tenth  ml  of  lymphocyte  suspension  was  mixed  with  0.1  ml  of  aggregated  normal 
rabbit  IgG  and  incubated  on  ice  for  10  min.  One-tenth  ml  of  FITC-labeled  rabbit 
anti-human  immunoglobulin  (at  a  previously  determined  optimal  dilution)  was  added 
to  the  tube  and  the  incubation  at  4°C  u/as  continued  for  another  30  min.  The  cells 
were  washed  three  times,  resuspended  in  0.2  ml  azide-containing  medium,  and  the 
fluorescent  cells  were  counted . 


